Introduction
We consider the following mixed problem in the domain (0, T) x Q:
(0.1) In order to obtain the spherically symmetric solution of (0.1)-(0.3), P is reduced to the following operator for r e (0, 1) = 7, r = (x\ H -----h jc^) 1/2 
P[v(t,x)]=f(t,x\),

and V(t, \x\] = v(t,x). -(x i b i (t,x}-(n^^ŵ here a(t,r), b$(t,r), c(t,r) are in ^°°([0, T] x I). We impose the assumption on P r \ (A-i) r~l(£" =l Xibi(t,x) -(n-l)a(t,\x\)) is a radial function in
u] = u tt -(a(t, r)u r (t, r)) r -f b(t, r)u r + b 0 (t, r)u t 4-c(t, r)u and 6(r, r) ê°°( [0, r] x I). We further impose the following assumptions. (A-ii) (Oleinik [14]) For a positive constant t$ < T it holds that
(0. Remark 2. If (A-ii) and (A-iii)-1) are satisfied, the assumption (A-iv) is seemed to be natural in the following sence. It is well known that the mixed problem for L r with the Dirichlet condition is reduced to the following type of problem by the usual argument, if initial data, boundary data and the forcing term are sufficiently smooth in [0, T],I and [0, T] x 7 respectively and appropriate compatibility conditions are satisfied (cf. [5] , [7] , [14] ).
where F 0 (z, r) is sufficiently smooth in [0, T] x 7 and satisfies the former part of (A-iv). Then we can find an appropriate function
satisfies (A-iv) and u -U satisfies (0.5) and (0.6). This argument will be discussed in Appendix in details.
We give simple examples of the equation (0.1).
where especially we put t l~l = 1 for / = 0 in the third term. EbiharaKawashima-Levine [2] obtained the spherically symmetric solution of the mixed problem for v tt -\x\ 2k Av + v\"v = 0 for a > 0. This type of equation is the wave operator describing a model of wave phenomenon, on or through inhomogenous medium, especially which is extremely dense near the center (x = 0) and then the speed of the wave vanishes near the center.
Also a(t, x\) further admits the following degeneracy on the boundary. 
assuming that the following inequalities hold
for any £ e R n where all the coefficients of (0.8) are sufficiently smooth and bounded. Note that (0.7) is the special case of (0.9). Then she proved that there exists the smooth solution. Her result was extended to the equation of higher order by MenikofT [10] and Ohya [11] .
The well-posedness of the mixed problem for regularly hyperbolic equations of second order was proved by Ikawa [3] , [4] . But nothing is known about the mixed problem corresponding to Oleinik's result except for the simple degeneracy case. In fact, Kimura [5] restricted degeneracy of (0.8) to the case where Ay and BI degenerate in t only of polynomial order (cf. Chi Min-you [1] ) and impose the null Dirichlet boundary condition in a bounded domain in R n with compact smooth boundary. Then she proved the well-posedness of the problem (cf. [7] ). The mixed problems of a weakly hyperbolic equations of second order with other kind of degeneracy was studied by [8] and [9] . On the other hand, Krasnov [6] and Oleinik [12] showed the existence theorems and uniqueness theorems in the sense of a generalized solution to the mixed problem for weakly hyperbolic equations under some conditions on the coefficients and data.
Our purpose is to obtain the smooth spherically symmetric solution of the mixed problem (0.1)-(0.3) corresponding to the Cauchy problem considered in Oleinik [14] . Let us introduce some notations:
where a = (ai,..., a w ) is a multi-index. Let A/, j = 1,2,..., be eigen values of -<3 2 with the null Dirichlet condition such that 0 < A\ < fa < • • • and corresponding eigen functions 9\(r},(p2( r }i We define a functional space .2) and (0.3) in (0, T} x Q following to her method in the usual Sobolev space, integrating by parts we have many remainder terms of inner products defined on the boundary. They are in very complicated forms and so harmful to deriving the energy inequality of higher order. Hence crutial point in our problem lies in treatment with them. In the first step, to simplify the form of them we restrict our attention to seeking the spherically symmetric solution of (0.4)-(0.6). For this purpose P is reduced to P r by r=(x\-\ \-x%) 1 / 2 . Since r~l (52?=\ Xibj(t,x) -(n-\)a(t, |x|)) may be regarded as a radial function under the assumption (A-i), it is enough to consider L r instead of P r .
It is well known that F^(/) c H l (I)nH
Theorem 2. Let f(t,r) e [}*^+ P C'([0, T]; K^* 1 -''>(/)) for any even number s. Assume that (A-i), (A-iii), (A-iv) and (A-ii) replaced by YJt=ir~l(xibi(t,x)-(n-\}a(t,r)) instead of b(t,r) in (0.7) hold. Then there exists a solution v(t,x) e C^QO, T]
In the second step, we introduce the functional space F^(J) spanned by eigen functions of -d ? 2 satisfying null Dirichlet boundary condition. It holds that d?<pj(r)=Q at r = 0,1,/ = 0,1,... J E N. By the use of this property most of such simplified remainder terms become harmless and we obtain the desired estimate. Consequently our main purpose in this paper will be carried out through (0.1) '-(0.3)' by seeking the spherically symmetric solution of (0.4)-(0.6) by Galerkin's method. The energy inequality of (0.4)-(0.6) plays an important role and it is derived according to Oleinik [14] . This paper is organized as follows. In the first section, we derive the basic energy inequality for (0.4) -(0.6). In section 2, in the first subsection we obtain the energy inequality of higher order with respect to r. Most crutial point in this paper lies here. Next, using it, we have the energy inequality of higher order with respect to (r, r). By this estimate we obtain the existence of smooth solution of (0. 
Basic Energy Inequality for 0 < t < tQ
For simplicity, put uj(t,r) = u(t,r) and put fj(t,r] = f(t,r) again through this section and next section. Then we have
In this subsection our desired estimate will be derived by the manner due to Oleinik [14] . We have the following basic energy estimate of u.
Lemma 1. It holds that for 0 < T < tQ < T we have for a constant M\
supposed that (A-ii) and (A-iv) hold. Term by term multiplying by T~^l -^e-^(
Proof. Denote w(t,x) = J/w(cr, x)da for
1.6) J(T) < r^+2* e M
This completes Lemma 1. §2. Energy Inequality of Higher Order
In this section we derive the energy inequality of higher order for L r [u] , provided that (A-ii), (A-iii)-2) and (A-iv) hold.
Energy Inequality of Higher Order in r-Derivatives for 0 < t < t$
In this subsection, we derive the energy estimate to r-derivatives of u of higher order. For this purpose we prepare the following two lemmas. holds gf(ro) < 0, which contradicts g(r) > 0. In case g(r$) = 0, 0, ( r o) > 0 holds, which contradicts g(r) > 0 in a neighborhood of r 0 . Hence we proved that (2.1) holds for r E R. • Lemma 2.1 implies that to carry out our aim in this subsection it is enough to derive the inequality for derivatives of even order of u with respect to r. Since in the right hand side of (2.7) derivatives of u are in the form: dffiu, i + j<s, j </?+!, by using (2.7) we arrive at (2.5). •
Energy Inequality of Higher Order for 0 < t < T
We may obtain the desired estimate for re [to, T] It is easily seen that -o,
Then we have Vk(t) = 0. Therefore we obtain i=l,...,n. Then we have ££=1 6/(r, x)^, = j8(r, r)3 r . Therefore (A-i) is satisfied and /V is written in the form:
P r (V] = V tt -(a(t, r) V r ) r + (fi(t, r) -r(n -l) n (t, r)) V r + b 0 (t, r) V t + c(t, r) V.
For a constant A' > 0 we see that a(t,r) satisfies (r~l (n -l)a} 2 < A' a. We assume that a(t,r) and /?(f,r) satisfy 
